ABSTRACT Construction of the Sobradinho Dam has had a strong environmental impact on the Lower São Francisco Sergipano ("LSFS") North-East Brazil ("NEB") region. No detailed studies of the floodplain areas were conducted prior to these changes, and there are thus no records of the floristic and faunal diversity extant in this ecosystem before the dam was built. One of the worst consequences in this region has been the onset of rodent outbreaks in rice crops. The climate in NEB is highly variable, and forecasts predict high temperatures in this semi-arid region. Based on the perspective of farmers who have witnessed these environmental changes and their repercussions, the aim of the present study was to determine the specific characteristics of rodent outbreaks, the rat predators present in the region, the floral diversity in cultivated areas prior to the changes, and the influence of anomalies in sea surface temperature (SSTs) on maximum and minimum temperatures in the LSFS in the state of Sergipe between 1978 and 2010, years in which rodent outbreaks occurred.
INTRODUCTION
More than a third of all land mammals are rodents and they play an important role in ecosystems as propagators of seeds and spores, affecting the vegetation structure, as reported by Witmer [1] . There are about 1700 species of rodents in the world, but only 5-10% of them are categorised as serious pests in agriculture and urban environments [2] . Since the 20th century, rodent outbreaks have aroused the interest of biologists in various parts of the world, due to their singular temporal association with the ocean-atmospheric phenomenon "El Niño" Southern Oscillation ("ENSO") [3] . Ali [4] claims that rodent outbreaks are particularly common in southeast Australia, southwest America, and semi-arid regions of sub-Saharan Africa and South America. In the Lower San Francisco Sergipano (LSFS) Valley in northeast Brazil (NEB), an area of floodplains where rice is cultivated, rice crops are periodically destroyed by plagues of rats [5] [6] [7] [8] . The onset of crop damage by rats native to this semi-arid NEB region has been associated with the environmental changes that took place in the LSFS in 1978 as a result of the construction of the Sobradinho Dam [7, 9, 10] , and these episodes of rodent outbreaks or "ratadas" have also been associated with ENSO events in the semi-arid regions of different South American countries [11, 12] . Changes in natural and agricultural ecosystems alter the ecology of various animals, resulting in uncontrollable phenomena that affect several spheres of human life. Very little information exists on the characteristics of plagues dominated by H. sciureus (the Amazonian marsh rat), although rodent outbreaks mostly characterised by this species have been recorded in LSFS rice crops in 1978, 1982, 1983, 1988, 1993, 1998, 1999, 2005, 2009 and 2010, years also characterised by "El Niño" events [13] . The current year, 2015, has also witnessed an "El Niño" event of great magnitude [14, 15] , and this has again coincided with rodent outbreaks in rice-growing areas in the LSFS basin, raising the total number of outbreaks in the region to 11 [8] . In this study, we investigated the conditions of the last recorded rodent outbreaks in the LSFS in the 20th century (1999) (2000) , which coincided with the "El Niño" event of greatest magnitude in that century. The objectives of this study were: (1) to identify the characteristics of rodent outbreaks in the Betume Irrigated Perimeter (BIP ("PIB")) LSFS, in terms of the most vulnerable crop growth stage, the climatic season of highest incidence, and the presence of rodent predators and/or natural enemies in the area; (2) to verify the floral diversity present in the surroundings of the study area; and (3) to analyse the influence of anomalies in Sea Surface Temperature (SST) on maximum and minimum temperatures in the LSFS between 1978 and 2010.
Study Area and Data
In the LSFS Valley, the BIP and Propriá are sub-regions characterised as floodplain-river-ecosystems with use of the land for rice irrigation systems. The BIP is floodplain with an average annual temperature of 25.5ºC and a mean annual precipitation (MAP) of 1.555 mm. The climate is sub-humid, according to Thornthwaite climate classification, with two clearly defined seasons, resulting in a wet and relatively dry and warm [16] [17] [18] . In Propriá, the climate is "megathermic", semi-arid with MAP of 806.01 mm and an average annual temperature of 26.1ºC [19] . In order to determine the correlation between the ENSO events, climatic conditions of the LSFS and rodent outbreaks, we analyse the monthly maximum and minimum temperatures in the LSFS between 1978 and 2010 in a range of 10 non-sequential years in the same temporal scale in these two different geographical zones in floodplain areas which had recorded rat plagues. The same spatial and temporal scales were studied by [7] : Propriá and Betume Irrigated Perimeter ("PIB")-Neópolis in the LSFS (NEB). Their maximum and minimum temperatures (MxTp and MinTp) were compared with the respective monthly anomalies for Ocean-Atmospheric Regions (OAR) in the Equatorial Pacific Ocean for the Southern Oscillation Index SOI [20] and Niños Regions ("NR"): n1+2, n3, n4, n34 [21] , and categories: North Atlantic ("NATL"), South Atlantic ("SATL"), and TROPICAL Ocean (Category Atlantic Ocean (CAO)) according to [22] . The most common correlation or predictability measurement, Pearson's correlation coefficient (r), was introduced to assess the monthly temperatures anomalies of LSFS and OAR. The significance of the relationship was expressed in the probability value p at a linear correlation significance level of p≤ 0.05 and p≤ 0.01 (*95% and **99%). The software program, SPSS, version 19.0, was used for the statistical analysis. The comparison between the temporal scale characterised by the ENSO events was checked against the National Oceanographic and Atmospheric Administration (NOAA) website [13] . LSFS monthly precipitation data were provided by INMET and CMRHSE [23] for the years 1978, 1982, 1983 and 1988 in Propriá just as [19] , and by Ascondir Station in Betume-Neópolis as stated in [24] for the years 1993, 1998, 1999, 2005, 2009 and 2010. The 63 rice-growers were surveyed about the characteristics of rodent outbreaks in the region, the crop growth stage most vulnerable to the rice cycle, the climatic season of highest incidence, and the presence of rodent predators and/or natural enemies in the area. The most vulnerable crop growth stage in the rice cycle was observed in two plots in the BIP: 339 (3.8 hectares (ha)) and 341(4.9 ha). We have identified the floral diversity present in the surroundings of this study area between 1999 and -2000 and 2012; we have also analysed the influence of SSTs on MxTp and MinTp in the LSFS between 1978 and 2010. In this study, when there is a positive r correlation for (SOI, NR and CAO), and LSFS (MxTp and MinTp), it is considered that MxTp and MinTp were increased by strong association with OAR. However, when r is negative, MxTp and MinTp depend on the SSTs OAR (Independent variable (X)).
RESULTS AND DISCUSSION
In this study it was confirmed that, in relation to the most vulnerable crop growth stage, 33.3% of farmers considered that the growth stage presenting the highest incidence of damage was 30-60 days after sowing (tillering/stem elongation), while 17.46% responded that it was at the start of booting. Meanwhile, 7.94% respondents indicated the following stages: (a) from the 15th day after sowing; (b) between 20 and 30 days after sowing; (c) and during tillering. In the same way 6.35% responded that it was from the sowing, whereas 6.35% of the rice growers responded that it was between 60-70 days after sowing and 4.76% from the sowing until the harvest and 1.59% no answer. The sowing stage of the 1999-2000 crop in the LSFS/BIP presented significant variance in damage, with a direct loss in the fields of 40% [25] . Field studies revealed that the period of cultivation most affected by rodent outbreaks with characteristics of Holochilus sciureus was during the first 36 days after sowing, with damage to 160 seedlings in plot 339 and 110 seedlings in plot 341. In each plot, plants were cut by rats at the following number of days after sowing: plot 339 at 36, 60 and 106 days, and plot 341 at 36 and 86 days. In Venezuela, [26] found damage to rice crops by Holochilus sciureus at 39, 53, 67, 81, 95 and 109 days after sowing. According to [27] , rice crops are attacked by rats at all growth stages, but the highest occurrence is during sowing or when the panicle is starting to form, when rats cut the stalks and feed on the developing panicles. In general, rodents cause serious damage during sowing and can completely destroy the crop [28] . In rice fields in Venezuela, the damage caused by Holochilus sciureus can occur at any stage of development; however, it is greater during flowering and ripening [29] , and [26] found a directly proportional relationship between the extent of damage and crop growth stage: from sowing to a maximum of 112 days, there was a higher incidence of damage in the reproductive and grain ripening stages. In Pakistan, 63.9% of damage occurs during the rice development stages, and most damage is caused during ripening, with Mus sp. causing 1% of damage during rice development, according to Tousif [30] . In the LSFS, observations revealed that the damage occurred in all growth stages, but the highest incidence in both of the plots studied was at 36 days after sowing. In relation to the season with highest incidence of the rodent outbreaks in the LSFS in years with plague, 44.44% of farmers indicated the rainy season as the period with the highest incidence of the plague, whereas 25.40% indicated the dry season. However, 20.63% of the 63 farmers cited both periods (rainfall and drought); 6.35% no answer and 3.17% responded that rodent outbreaks is a climatic phenomenon. According to Santos [6, 10] , rodent outbreaks in LSFS rice crops coincide with years of ENSO events, which are characterised by drought in the region. In Cañas (Guanacaste, Costa Rica), [31] identified the influence of climate variability on Sigmodon hispidus (the hispid cotton rat), whereby maximum peaks in rat population density were associated with decreased minimum temperatures in the region. Contrary to what happens in the LSFS during ENSO years, the rat population in Cañas shows a 4% decrease from usual numbers. In a study of semi-arid areas in Chile, [12] found an association between rodent outbreaks and years with wet ENSO events. As regards rodent predators in the LSFS region, the literature did not contain specific records of the genera or species that may have inhabited the floodplains used for rice cultivation prior to environmental changes in 1978. Nor is there a written record of predators that may have been occasional visitors to the rice fields. Ramos [32] stated that Environmental Impact Studies (EIS) on changes to the LSFS were incomplete, and did not consider direct and indirect effects on the floodplain ecosystem. However, 48.91% of farmers cited Canis lupus familiaris and 21.74% Felis catus as natural rat predators in the region. Canis familiaris was the only natural predator whose presence it was possible to confirm during field studies and the only reliable means for farmers to combat the rat population in the area (Fig. 1) , since -as elsewhere -rat poison was not effective [33] .
Snakes (order Squamata) were cited by 21.74% as predators present in rice fields before the environmental changes. Other predators reported to have formed part of the local fauna prior to the changes have now disappeared following the environmental impact on the wetland area. These included Bubo virginianus (the great-horned owl), cited by 5.43%, and Elanus leucurus (the white-tailed kite), cited by 2.17%. Procyon cancrivorus nigripes (the crab-eating racoon) was cited by 1.09%, and lizards (suborder Lacertilia ("sardão")) by 1.09%. The predators identified by farmers form part of the fauna of semi-arid regions in NEB [34] . Autochthonous rodents in the LSFS are represented by two families, Cricetidae and Cavidae [5, 7, 10] , while Muridae, which is not autochthonous, was introduced into Brazil by maritime traffic, according to Moojen [35] . Found in the LSFS were Kerodon rupestris, Oryzomys subflavus, Holochilus sciureus, Nectomys sp. and Rattus spp.; of these H. sciureus is the most prevalent species, with a predominant of damage characteristic [5, 7, 10] .
Floral Diversity in the PIB
The floral diversity in the study area consisted of 09 families and 15 genera. The most frequently observed families and genera were Amaranthaceae (Amaranthus sp.) (bredo, caruru); Anacardiaceae (Myracrodruon sp.) (aroeira); Boraginaceae (Cordia sp.) (erva-baleeira); Cyperaceae (Cyperus sp.) (tiririca), (Cyperus sp.) (tiriricão); Fabaceae (Aeschynomene sp.) (angiquinho), (Desmodiun sp.) (pega-pega), (Cassia o. L.) (fedegoso); Poaceae (Brachiaria sp.) (capim braquiaria), (Brachiaria sp.) (capim agulha), (Cymbopogon sp.) (capim santo), (Cenchrus sp.) (carrapicho de carneiro); Pontederiaceae (Eichhornia sp.) (jacinto d´agua); Rubiaceae (Borreria sp.) (vassourinha-de-botão); Urticaceae (Urera sp.) (urtiga vermelha). In Brejo Grande, Ilha das Flores, Neópolis, Santana do São Francisco and Propriá, other areas with floodplains in the LSFS region, Gonçalves et al. [36] found 79 species distributed among 71 genera and 51 botanic families, with a predominance of Mimosaceae (seven species), Myrtaceae (six species) and Fabaceae (four species). Observations indicate that the vegetation structure in the BIP/Betume I/Sector 8 no longer predominantly consists of naturally primitive autochthonous plant cover. Flooded areas are generally dominated by agricultural plant cover and, more specifically, by irrigated rice cultivated for the purposes of economic In 1983, strong negative correlations were observed between SOI/MxTp and MinTp (-0.583*; -0.585*); likewise, strong negative associations were found in 1993 between n1+2/ MxTp (-0.700*), n3/MxTp (-0.670*) and n34/MxTp (-0.643*). In 1998, temperatures were reduced by correlations between SOI/MxTp (-0.627*) and SOI/MinTp (-0.820**), with a negative r value, whereas minimum temperatures increased with associations between n3/ MinTp (0.761**), n4/MinTp (0.672*) and n34/MinTp (0.795*). In 1999, maximum and minimum temperatures/SOI showed high r values SOI/MxTp (0.802**) and SOI/MinTp (0.705*) but were decreased for n4/MxTp (-0.809**) and n4/MinTp (-0.691*), showing that the OAR produced milder temperatures through a balance (+; -) for the SOI and the n4 lake showing that the OAR produced higher temperatures through a balance (+; -) for the SOI and the n4 lake. From 1998 onwards, a trend was observed towards an increase in Min/Temp with strong positive correlations between lakes n3/MinTp (0.761**), n4/MnTp (0.672*), and n34/MinTp (0.795*). In 2005, minimum temperatures rose in association with lake n4 (0.620*), and in Table 1 It can be inferred that in years characterised by an "El Niño" event, there is a tendency for maximum and minimum temperatures in the LSFS to rise. According to [7] , the period 1978-2010 was largely characterised by years of drought or low rainfall in the LSFS and by ENSO events. Forecasts for the climate in NEB until the end of the present century predict a 15-20% reduction in rainfall and a 2ºC to 4ºC increase in temperatures. Semi-arid areas with a greater water deficit are expected to suffer an increase of 3ºC or more in average temperatures, and there is a greater possibility of drought in the semi-arid region of NEB [37] . Studies of summer seasons in Paraíba (NEB) between the years 1963 and 1999, inclusive, indicated an increase in maximum temperatures in almost all the micro-regions in this province, except in the "Agreste" zone [37] . The BIP was a floodplain and it is characterised as a "Agreste" zone in Sergipe; meanwhile, Propriá is a semi-arid micro-region. Rice fields serve as a habitat for wild species and other animals, and rivers and floodplains as systems which cannot be separated [38, 39] .
According to farmers, the crop growth stage most vulnerable to rodent damage was identified as being between 30-60 days after sowing, while the rainfall period was identified as the climatic season showing the highest incidence of rodent outbreaks, contrary to our observations. The Canis familiaris was the only natural predator whose presence it was possible to (Table 2) . confirm during the field study, and nowadays it is the only reliable means for farmers to combat the rat population in the area. The most frequently observed families among the floral diversity in the IBP were: Fabaceae and Poaceae. This study identifies a much larger influence of SSTs on temperature in the LSFS related to the association with SOI, n4 lake and the SATL Ocean. Finally, in the period studied between 1978-2010, a trend was observed: there is an equilibrium between correlations of SSTs SOI and "Niños Regions" in relation to maximum and minimum temperatures in the LSFS; meanwhile, in the SSTs of CAO there is a trend towards an increase in the association with the maximum and minimum temperatures in the LSFS, with strong positive correlation.
